Purpose: To compare and evaluate the utility of varying hemostatic radiotherapy prescriptions for emergent palliation of bleeding tumors. Materials and methods: This retrospective study analyzed 112 consecutive patients treated with radiotherapy for emergent palliation of bleeding tumors at an academic institution. Study endpoints included: primary bleeding control; re-bleeding rate after initial control; treatment interruption rate; overall survival; and death within 30 days of treatment. Results: The most commonly prescribed fractionations were: 20 Gy in 5 fractions, 30 Gy in 10 fractions, and 8 Gy in a single fraction. The overall primary bleeding control rate was 89%. By location, primary bleeding control rates were 89% (31/35), 80% (16/20), 88% (14/16), 93% (13/14), 100% (9/9), and 100% (6/6) for gastrointestinal, genitourinary, head and neck, thoracic, extremity, and gynecologic sites, respectively. The overall re-bleeding rate following initial bleeding control was 25%. Female patients had a significantly reduced risk of bleeding recurrence (HR 0.18 [0.04-0.79], p = 0.02). Longer fractionation regimens (>5 fractions) were not associated with a reduced incidence of re-bleeding (p = 0.65), but were associated with more treatment interruptions (p = 0.02). The 1-year overall survival rate in this population was 24%, with mortality greater in patients with poor performance status .58], p = 0.007). Conclusions: Regardless of prescription, palliative radiotherapy is highly effective for primary bleeding control, with both long and short regimens demonstrating equal hemostatic effect and durability in the emergent setting. Longer radiotherapy regimens (>5 fractions), however, are accompanied by increased treatment interruptions and hospital days. Therefore, shorter hemostatic regimens (<5 fractions) are preferable in this palliative setting, with respect to minimizing treatment burden for patients while achieving symptomatic relief.
Introduction
Bleeding is a common oncologic emergency in patients with locally advanced and/or metastatic cancer treated by radiation oncologists, alongside spinal cord compression, superior vena cava syndrome, and airway obstruction. All require prompt recognition and effective treatment.
The origin of bleeding can be from virtually any body site; however, most of the published literature is related to the female gynecologic tract [1] , gastrointestinal tract [2] , and lower airways [3, 4] . Of these, only the bleeding that originates from the airways (hemoptysis) has been investigated with prospective studies comparing fractionation schemes and providing data on symptom relief [3] .
Despite the fact that a significant portion of radiotherapy (RT) is delivered with palliative intent [5] , research in this area has been limited over time. Shi et al. [6] showed that less than 5% of the recent manuscripts published in the journals of the American Society for Therapeutic Radiation Oncology (ASTRO) and the European Society for Radiotherapy and Oncology (ESTRO) focus on symptom control and palliative care. Published studies focusing on the treatment of oncologic urgencies and/or hemostatic radiotherapy are even rarer.
Additional evidence is needed in the palliative care field to optimize the management of these patients particularly at the end of life [7] . A well-designed analysis of the Surveillance, Epidemiology and End Results (SEER)-Medicare linked database [8] demonstrated that one in five patients who received radiotherapy in their final 30 days of life spent more than 10 of those days receiving treatment. Concerning the subgroup of patients demanding hemostatic RT who frequently present with locally advanced and/or metastatic disease, the prognosis is predicted to be limited in terms of survival. In this scenario, the use of protracted radiotherapy schedules in the last days of life, as well as the incidence of definitive treatment interruptions, may be used as surrogates to evaluate the appropriateness of a chosen RT prescription.
Thus, the main objectives of the present study were: (1) to evaluate the effectiveness of hemostatic radiotherapy in resolving bleeding; and (2) to analyze potential associations of factors, such as number of fractions, with bleeding control, treatment interruption rates, and death, in order to help radiation oncologists in the decision-making process regarding palliative hemostatic radiotherapy.
Materials and methods
This retrospective study included 112 consecutive patients that received hemostatic external beam palliative RT in the urgent setting during the period of April 2012 to May 2015 at a single tertiary oncology center. The patients were directed to the Radiation Oncology Department via the on-call system that serves the emergency department and inpatients. Superficial (cutaneous) bleeding from tumors located in the extremities and head and neck region were included in the respective category. The institutional review board (IRB) approved this study design and the use of patient information without individual identification.
Endpoints
Primary bleeding control and treatment interruption were dichotomized endpoints. Only patients with clinically detected complete bleeding control were considered to have achieved primary bleeding control (excluding cases that had a definitive treatment interruption). Any grade of partial response or sequential use of other methods (e.g. arterial embolization) were considered a failure to achieve primary bleeding control. In this study, treatment interruption is defined as the definitive suspension of the treatment (not treatment pause). Re-bleeding rate (i.e. the inverse of survival without rebleeding) and overall survival were time-toevent endpoints, calculated from the initial date of arrival to the Radiation Oncology Department (which was the date of the beginning of the treatment for the majority of patients in the urgent setting). The re-bleeding rate was determined in the group of patients who achieved initial bleeding control after treatment. There was no complete information about the hemoglobin level or the use and/or quantity of blood transfusions or other non-invasive measures. In this retrospective study, follow-up schedules varied among patients, depending on treatment site, provider preference, and other clinical factors.
Subgroup analysis
The subgroup analyses were performed using the following dichotomized variables: gender (male vs. 10 ), and number of fractions ( 5 vs. >5).
Statistical analysis
The characteristics of the patients treated with abbreviated or protracted schedules were analyzed using the Fisher's exact test for dichotomized variables. The Fisher's exact test was also used to initially analyze univariate associations of the categorical variables with respect to the primary bleeding control, treatment interruption, and death within 30 days of RT endpoints. From the initial screen based on the results of the univariate analysis, variables with p < 0.25 were incorporated in the multivariate model (binary logistic regression for the dichotomized endpoints or adjusted Cox regression model for the time-dependent endpoints). The time-dependent re-bleeding and overall survival analyses were performed using the Kaplan-Meier method, with patient death included as a censoring event. All statistical analyses were performed using IBM SPSS Statistics, version 20.0 Armonk, NY, USA.
Results

Patients and treatment characteristics
The median and mean age of the patients were both 63 years old (SD = 14.4). The bleeding locations were: gastrointestinal tract (n = 39), genitourinary tract (n = 23), respiratory tract (n = 17), head and neck (H&N) region (n = 17), extremities (n = 9) and gynecological (n = 7). Of all patients, only 19% were treated palliatively for bleeding from locally-advanced tumors, in the absence of metastatic disease.
The most commonly used fractionations were: 20 Gy in 5 fractions (n = 46, BED Gy 10 = 28), 30 Gy in 10 fractions (n = 25, BED Gy 10 = 39), and single 8 Gy fraction (n = 21, BED Gy 10 = 14.4) (additional information in the Supplementary Material 1- Table A1 ). Of note, prescription choice in these cases was left to the discretion of the treating radiation oncologist, in absence of an institutional standard for fractionation in this setting.
The subgroups treated with abbreviated fractionations (5) and protracted fractionations (>5) had similar characteristics, with the exception of the calculated BED, which was higher in the protracted group. The only characteristic with missing data (n = 72) was the KPS. Other patients and treatment characteristics are available in Table 1 .
Primary bleeding control
The primary bleeding control after radiotherapy was 89%, based on information available from 100 patients. By site, bleeding control was 88.6% (31/35), 80% (16/20) , 87.5% (14/16), 92.8% (13/14) , 100% (9/9) and 100% (6/6) for gastrointestinal, urinary tract, H&N, respiratory tract, extremities, and gynecological origin, respectively. The 11 cases that presented with failure to achieve primary bleeding control have the following primary diagnosis site/bleeding site: oral cavity cancer/head and neck, solitary fibrous tumor/gastrointestinal tract, stomach cancer/gastrointestinal tract, rectal cancer/genitourinary tract, anal cancer/gastroin-testinal tract, stomach cancer/gastrointestinal tract, bone sarcoma/ respiratory tract, breast cancer/genitourinary tract, oral cavity cancer/head and neck, prostate cancer/genitourinary tract, and bladder cancer/genitourinary tract (more details in the Supplementary Material 1- Table A2 ).
None of the following factors were associated with primary bleeding control (univariate analysis): gender (p = 0. Table A1 . Of note, all 21 patients treated with 8 Gy in a single-fraction achieved initial bleeding control.
Re-bleeding rate
The re-bleeding rate was considered only for the patients that achieved primary bleeding control (n = 89) and had a documented clinical evaluation after treatment (1 patient excluded due to no information about re-bleeding during follow-up). There were 22 re-bleeding events in the 88 evaluated patients (25%). The median time for the patients who experienced re-bleeding was 84 days. The bleeding remained controlled in 83% of the patients at 3 months, 76% of the patients at 6 months and 56.4% of the patients at 12 months (Fig. 1) .
Female patients had a significantly reduced risk of a bleeding recurrence event in the adjusted model (HR 0.182 [0.042-0.789], p = 0.023) ( Table 2 ). Treatment regimens with BED > 39 Gy 10 were not associated with reduced incidence of re-bleeding (p = 0.363). Additionally, none of the following factors were associated with re-bleeding rate: age >70-years-old (p = 0.379), KPS < 50 (p = 0.951), non-SCC histology (p = 0.416), tumor site other than GI or GU (p = 0.520), metastasis to more than 1 system (p = 0.882), diagnosis in urgency (p = 0.746), previous palliative RT (p = 0.238), previous chemotherapy use (p = 0.372), radiotherapy technique (p = 0.634), and number of fractions ( > 5 vs 5) (p = 0.652).
Treatment interruptions
The treatment was interrupted in 12 cases (10.7%). The causes were: intensive care unit (ICU) admission with severe reduction in performance status in 8 cases; and death in the inter-fraction period in 4 cases. Treatment schedules with more than five fractions presented a greater chance of treatment interruption when compared to shorter fractionation schemes (22.2% vs 5.3%, p = 0.020) in univariate and multivariate analyses (Supplementary Material 1- Table A3 ). The other variables tested in the binary logistic regression (gender, age, and diagnosis in urgency) were not related. Overall re-bleeding rate in the patients that achieved initial bleeding control after hemostatic radiotherapy (n = 88). 
Survival
At the date of our analysis, 73.2% of the patients (82/112) had died and the median follow-up for the entire group was 113 days. The 6-month, 12-month, and 24-month overall survival rates for the whole cohort (n = 112) were 39.5%, 24.3%, and 12.6%, respectively (Kaplan Meier analysis in the Supplementary Material 2). Both lower performance status (KPS < 50) and metastasis to more than 1 distant site were significantly associated with worse OS in the univariate analysis (Table 3) . However, only KPS remained significant (HR 2.994 [1.355-6 .578], p = 0.007) in the multivariate model.
Twenty-five patients (22.3%) died within 1 month of the beginning of the treatment. Initial diagnosis at presentation (p = 0.024) was the only factor associated with death within 30-days of RT (Table 4) . Additionally, number of fractions was not significantly associated with death within 30-days of RT on univariate (p = 0.155) or multivariate (p = 0.220) analysis.
Discussion
The present study shows that the use of hemostatic radiotherapy is effective and provides excellent primary bleeding control, with an overall rate of 89%, varying from 80% to 100% depending on the site of bleeding. The rates by site are comparable with the bleeding control rates reported in other isolated series of palliative external beam radiotherapy (EBRT) for gastro-intestinal [9, 10, 11] , urinary tract [12] , respiratory tract [13] , and gynecological origin [14] . At the time of publication, our study is the first report on hemostatic RT which includes extremity and H&N sites.
One of the strengths of the present study is the high number of patients with adequate follow-up (including bleeding status), which made possible a comparison between the more abbreviated and more protracted regimens. Notably, our data do not suggest a benefit with more protracted regimens with >5 fractions and BED > 39 Gy 10 , in terms of symptomatic control or reduction in the re-bleeding rate. There are conflicting reports about the relation between the symptomatic control and biological equivalent dose in this setting. Likewise, Tey et al. [10] conducted a similar analysis and reported 80% bleeding control in 103 cases, defined as the interruption in blood transfusions or gastroscopy for hemostasis, but similarly no increase in response ratio with higher BED (>39 Gy 10 ) (p = 0.78). Alternatively, Lee et al. [11] performed a small analysis of 42 patients treated with palliative EBRT for tumor bleeding in inoperable advanced gastric cancer, reporting resolution of the bleeding in 69% of the cases, with a positive association between BED 36 Gy 10 and bleeding resolution (p < 0.001).
The notion-that a higher BED or longer fractionation regimen is not associated with hemostatic effect-is analogous to the findings of palliative radiotherapy for pain in bone metastases [15] . Our analysis did not find a significant difference between regimens with lower BED versus those with higher BED in terms of rebleeding rate. In the case of bone metastases, single fraction schemes resulted in re-treatment rates in the order of 20-24% for single fraction compared to 6-8% for multiple fraction regimens; however, re-treatment rates of previous studies were found to be skewed by provider disbelief in the adequacy of single-fraction prescriptions and increased willingness to retreat following single-fraction [16, 17] . Furthermore, an analysis of international practice patterns of palliative radiotherapy found that most radiation oncologists continue to prescribe multi-fraction regiments for patients who meet eligibility criteria for single-fraction treatment [18] .
In the current study KPS < 50 was the only parameter associated with inferior overall survival (HR 2.994 [1.355-6 .578], p = 0.007). Consistent with these findings, Cihoric et al. [19] found 85% [20] , which evaluated the prognosis of inpatients assessed for palliative RT using two prediction scores [21, 22] . Although the proportion of patients receiving protracted regimens is intuitively expected to be lower for the subgroup with limited survival, our data indicates a lack of significant association between the two factors (p = 0.155). This fact, combined with the increased frequency of treatment interruptions in patients treated with >5 fractions (22.2% vs. 5.3%, p = 0.020), underline the notion that protracted fractionation schedules are less favorable in the palliative hemostatic setting.
The main limitation of the present study was its retrospective nature. Treatment indication and prescription were based on clinical judgment and thus possibly influenced by patient performance status and extent of the bleeding focus (tumor volume); however, in our study all the characteristics of the patients treated with shorter fractionations were similar to the ones treated with protracted regimens. Another limitation is the lack of other bleeding control assessments, such as hemoglobin level or transfusions required, which would provide an extra layer of information on this topic if available. Finally, another limitation of this report is the lack of treatment-related side-effect profiles, although toxicity rates would be presumably decreased in the lower dose regimens and perhaps better-tolerated than protracted regimens, particularly when considering the equivalent palliative benefit [9] .
In conclusion, independent of the fractionation regimen, radiation therapy was effective in resolving bleeding from malignant tumors in the urgent scenario, with nearly 90% of cases achieving resolution. However, the risk of treatment discontinuation was greater with protracted schedules (>5 fractions). In practical terms, the use of shorter fractionation schedules (e.g.: single 8 Gy fraction or 20 Gy in 5 fractions) minimizes the portion of final days of life spent outside a hospital and is most consistent with palliative principles. Our findings thus provide guidance to physicians faced with the difficult choice of treatment intensity in this palliative hemostatic setting. As nearly 50% and 14% of the patients receive RT within the last 6 months and 14 days of life, respectively [23] , further studies with validated end-points could provide guidance for optimal fractionation choices in different palliative scenarios, with respect to minimizing treatment burden for patients while achieving symptomatic relief.
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